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DETAILED ACTION 
Status of Claims 

Claims 1 -1 5 remain for examination. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-2 and 4-6 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Derehag et al (WO 02/072303) in view of Kiyomiya (JP 2002-292524) and 
Metzinger et al (US 6,542,843). 

In regards to claim 1 , Derehag et al. teaches a method of material removal 
including a linear oscillation of at least one of an electrode and a component to be 
machined is performed relative to the other, a circular oscillation of at least one of the 
electrode and the component to be machined is performed relative to the other, and a 
linear feed and a circular feed of at least one of the electrode and the component to be 
machined relative to the other are performed simultaneously, as well as simultaneously 
to at least one of the circular oscillation and the linear oscillation to form a complex 
shape, such as a blisk (p. 9, lines 8-18). 

However, Derehag et al. does not specifically teach the method as 
electrochemical machining (ECM) in the presence of an electrolyte, only electrical 
discharge machining (EDM). 
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Kiyomiya teaches (English abstract) utilizing a single apparatus for either ECM or 

EDM. 

Metzinger et al teach a method of producing matched surfaces on rotor units with 
integral blades (claim 1) using either ECM or EDM (claim "7). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of invention to have utilized the feed/oscillation method of Derehag et al with an 
ECM method because Metzinger et al. teach that ECM and EDM were art recognized 
equivalents for the shaping of turbine blisks. Kiyomiya teach that one of ordinary skill in 
the art was aware that both EDM and ECM could have utilized the same apparatus for 
performing the shaping. Thus, one of ordinary skill in the art would have had a 
reasonable expectation of successfully applying the feed/oscillation method of Derehag 
et al. to an ECM method as disclosed by Metzinger et al. 

In regards to claim 2, Derehag et al. teaches linear feed and oscillation by the 
electrode and circular feed and oscillation by the workpiece (p. 9, lines 8-18). 

In regards to claim 4, Derehag et al. teaches removal of material on various 
portions of the component to be machined synchronously (p.3, lines 34-37). 

In regards to claim 5, Derehag et al. teaches removal of material on various 
portions of the component to be machined separately (p. 3, lines 34-37). 

In regards to claim 6, Derehag et al. teaches linear feed and oscillation by the 
workpiece and circular feed and oscillation by the electrode (p. 9, lines 8-18). 

Claims 7-9, 12-15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Derehag et al. in view of Tchugunov (US Patent 6,835,299). 



Application/Control Number: 10/733,768 Page 6 

Art Unit: 1742 

ordinary skill in the art to substitute Burns et al.'s linear drive associated with the 
workpiece holder in Derehag et al. in view of Tchugunov's linear drive as a linear drive 
on either the workpiece holder or the electrode holder would impart the same relative 
motion necessary to machine a blisk. In regards to having separate drives for each of 
the feeding and oscillating movements, Derehag et al. in view of Tchugunov is applied 
for the same reasons as above in claim 7. 

In regards to claim 1 1 , Derehag et al. in view of Tchugunov is applied for the 
same reasons as above in claim 7. 

Allowable Subject Matter 

Claim 3 is objected to as being dependent upon a rejected base claim, but would 
be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. 

Claim 3 is allowable for the following reason: 

• Claim 3 is a method of electrochemical machining to form the negative of 
complex shapes, such as blisks, made by a sample complex shape (e.g., 
blisk) serving as an electrode. Derehag et al. teaches the machining 
steps of linear oscillating and feeding movements as well as the steps of 
circular oscillating and feeding movements, performed simultaneously. 
Derehag et al. also teaches the manufacturing of the electrode tool (p. 10, 
lines 1-3), implied to be used to made for making multiple blisks as in the 
above method. However, Derehag et al. does not suggest machining the 
electrode tool (i.e, the negative of the complex shape) by the above 
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In regards to claim 12, Derehag et al. does not specifically mention that either the 
electrode holder or the workpiece holder is transversable in at least one of the X and the 
Y directions. 

Tchugunov teaches an electrode holder capable of transversable movement in X 
and Y directions (col. 4, lines 35-43). It would have been obvious to one of ordinary skill 
in the art at the time of invention to use Tchugunov's transversable electrode holder in 
Derehag et al.'s apparatus as it is capable of adjusting lateral position for machining 
(Tchugunov, col. 4, lines 38-43). 

In regards to claims 13 and 14, Derehag et al. teaches an apparatus where 
circular movements are performed around an axis of linear oscillation movements (p. 9, 
lines 8-18). 

In regards to claim 15, Derehag et al. in view of Tchugunov is applied for the 
same reasons as above in claim 7. 

Claims 10-1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Derehag et al. in view of Tchugunov and further in view of Burns et al. (US Patent 
4,851,090) as in applicant's information disclosure statement as submitted on 10/28/04. 

In regards to claim 10, Derehag et al. in view of Tchugunov teaches a linear drive 
but implies it is associated with the electrode holder. 

However, Derehag et al. in view of Tchugunov does not specifically teach that a 
linear drive is associated with the workpiece holder. 

Burns et al. teaches an apparatus for electrochemical machining of blisks using a 
workpiece holder with a linear drive (Figure 2). It would have been obvious to one of 
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Derehag et al. teaches an apparatus with a workpiece holder and an electrode 
holder with a linear drive capable of oscillating and feeding movements, a circular drive 
capable of reciprocating and feeding movements in which the apparatus is capable of 
- simultaneous linear and circular feeding movements. 

However, Derehag et al. does not specifically teach having a separate drive for 
each of the linear oscillating and feeding movements as well as having a separate drive 
for each of the circular oscillating and feeding movements, totaling four drives. 

Tchugunov teaches an electrochemical machining apparatus that includes both a 
drive for linear feeding movement and a drive for linear oscillating movement (col. 3, 
lines 36-45). A linear feeding movement and a linear oscillating movement can be 
performed with either two separate drives (Tchugunov) or one drive (Derehag et al.). It 
would have been obvious to one of ordinary skill in the art at the time of invention to use 
either two separate drives of Tchugunov or one drive of Derehag et al. as they both 
facilitate machining of different shapes (Tchugunov, col. 3, lines 46-48 and Derehag et 
al., p. 9, lines 8-18). The same reasons as above applies to substituting a separate 
drive for circular feeding movement and for circular oscillating movement instead of only 
one drive capable of both movements. 

In regards to claim 8, Derehag et al. teaches a circular drive associated with the 
workpiece holder (p. 1 1 , claim 2) and linear drive(s) associated with the electrode (p. 9, 
lines 13-18). 

In regards to claim 9, Derehag et al. in view of Tchugunov is applied for the same 
reasons as above in claim 7. 
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A method and a device for manufacturing a stator 
component or rotor component 

FIELD OF THE INVENTION 

The present invention relates to a method for 
manufacturing a disk -shaped or annular stator component 
or rotor component with a plurality of blades arranged 
one after another in a path extending around said 
component for guiding a gas flow. In other words, such 
a component can be used in both static applications 
(stators) and dynamic applications (rotors) ♦ This 
component is commonly referred to as a "bUsk" (bladed 
disk) or a "bling" (bladed ring) . The invention also 
relates to a device for manufacturing said stator 
component or rotor component. 

In the following description, the stator component or 
rotor component is intended to be arranged in a 
turbopump in a space application. Turbopump means a 
unit which comprises at least a turbine and a pump part 
driven by the latter. The invention is not to be 
regarded as being limited to this application but can 
also be used in a gas turbine. Other areas of 
application are also possible, such as in engines for 
vehicles, aircraft, power plant equipment for vessels 
and power stations for electricity production. 

The stator component or rotor component is often 
designed with an annular cover outside the blades in 
the radial direction and in contact with these. This 
cover outside the blades is arranged for the purpose of 
counteracting leakage from a pressure side to a suction 
side of the blades concerned. Such leakage is 
associated with efficiency losses. 

PRIOR ART 

There are a number of different known ways of 
manufacturing such a stator component or rotor 
component. According to a previously known 
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manufacturing technique, each of the blades is 
manufactured individually. The blades are subsequently 
secured with a mutual spacing in a groove on the 
periphery of a circular disk so that they project in 
5 the radial direction from the latter. Each of the 
blades is often manufactured with a cover part in such 
a way that an essentially continuous cover is formed 
after the blades have been mounted on the circular 
disk. 

10 

it is moreover known to use electro discharge machining 
(EDM) in the manufacture of said stator component or 
rotor component. In this case, each blade is produced 
separately by electro discharge machining a disk- shaped 

15 or annular workpiece intended to form the component. 
Pour electro discharge machining stages (and four 
different electro discharge machining electrodes) are 
required for manufacturing each of said blades. During 
EDM, half the blade is machined from a first side of 

20 the workpiece via a first and a second electro 
discharge machining operation on the pressure side and, 
respectively, the suction side of the blade. When all 
the blades have been machined from the first side of 
the workpiece, it is turned, and the remaining part of 

25 each of the blades is machined from the second side of 
the workpiece via a third and a fourth EDM operation. 

DISCLOSURE OP THE INVENTION 

One object of the invention is to provide a method for 
30 manufacturing a disk- shaped or annular stator component 
or rotor component which is time-ef f icient and cost- 
effective. The invention also aims to achieve a 
manufacturing method which creates possibilities for a 
component with great strength and improved efficiency. 

35 

This object is achieved by virtue of the fact that at 
least a portion of each of a plurality of channels in a 
first set of channels is electro discharge machined 
simultaneously out of a disk- shaped or annular 
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workpiece intended for forming the component, which 
channels are intended to delimit said blades in the 
circumferential direction of the workpiece. 



5 On the whole, the manufacturing method is non- sensitive 
to the material to be machined. The stator component or 
rotor component is manufactured from a single piece, 
which creates possibilities for great strength, 
especially in combination with a material which 
10 tolerates great temperature transients, such as what is 
known as a superalloy. In order for it to be possible 
to machine a plurality of channels simultaneously, a 
plurality of EDM electrodes are in engagement with the 
workpiece simultaneously. 

15 

In such electro discharge machining, which is known per 
se, material is removed from the surface of the 
workpiece under the action of a power density which 
arises when short electrical discharges take place 
20 between an EDM electrode and the workpiece. Here, the 
EDM electrode has the shape of a negative replica of 
the intended shape of the channel. 

According to a preferred embodiment of the invention, 
25 after EDM of said portion of the first set of channels, 
the workpiece is rotated through a distance in its 
circumferential direction, and then at least a portion 
of each of a plurality of channels in a second set of 
channels is electro discharge machined. The EDM 
30 electrodes intended for the electro discharge machining 
are therefore arranged at a spacing in the 
circumferential direction of the workpiece which is 
greater than the intended spacing between the channels. 
In other words, machining of a plurality of channels 
35 takes place simultaneously, after which the EDM means 
is indexed and a new set of channels can be machined 
out of the workpiece. 
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According to a development, the workpiece is turned 
after all the channels have been electro discharge 
machined from a first side of the same, and the 
remaining portion of the channels is then electro 
5 discharge machined in the same way from its second 
side. In this way, relatively complex blade shapes can 
also be produced. 



According to another preferred embodiment, said 
channels are electro discharge machined at a spacing 
from the edge of the workpiece in the radial direction, 
so that a cover is formed outside the blades in the 
radial direction and in contact therewith. In other 
words, the cover is formed by the material of the 
workpiece remaining outside the blades in the radial 
direction. In this way, a continuous cover is formed, 
which creates possibilities for a component with great 
efficiency. 

According to another preferred embodiment of the 
invention, in a first operation, a plurality of EDM 
electrodes are machined, with a mutual spacing along a 
curved path, from at least one basic element arranged 
on a means intended for the EDM, and, in a second 
operation, the channels are electro discharge machined 
from the workpiece by means of said EDM electrodes. The 
machining in the first operation preferably comprises 
milling. The method for manufacturing the component 
therefore comprises two stages, namely firstly 
manufacturing the tool itself which is to be used for 
EDM and subsequently electro discharge machining of the 
workpiece by means of the EDM tool manufactured in this 
way. 

According to a development of the preceding embodiment, 
the attachment of the EDM means has such a shape that 
it can be used on the one hand in a machine tool for 
said manufacture of the EDM electrodes and on the other 
hand in an EDM machine for said manufacture of the 
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channels by EDM. In this way, the method can be 
implemented by means of conventional machines for 
milling and EDM, 

5 According to another development of the preceding 
embodiment, a plurality of said basic elements are 
arranged on the EDM means in a path extending around 
said means before machining/ and at least one of said 
EDM electrodes is machined from each of them in the 
10 first operation. By using a plurality of such basic 
elements, only one of these has to be replaced if one 
of the EDM electrodes should for any reason become 
defective during milling thereof or during movement and 
mounting of the EDM means in the EDM machine. 

15 

Another object of the invention is to produce a device 
which creates possibilities for time-ef f icient and 
cost-effective manufacture of a disk- shaped or annular 
stator component or rotor component. This object is 
20 achieved by a device according to claim 12. Further 
advantageous embodiments of the invention emerge from 
the following claims and the description. 



BRIEF DESCRIPTION OF FIGURES 
25 The invention will be described in greater detail below 
with reference to the embodiments shown in the 
accompanying drawings, in which 

Figure 1 illustrates a perspective view of an EDM 
means arranged in a milling machine for 
30 milling EDM electrodes; 

Figure 2 illustrates a partly cut-away perspective 
view of the workpiece arranged in an EDM 
machine, and 

Figure 3 illustrates a partly cut-away perspective 
35 view of the disk- shaped or annular stator 

component or rotor component. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
According to an embodiment, the method for 
manufacturing a stator component or rotor component 1 
comprises two stages, namely firstly manufacturing the 
5 tool itself which is to be used in subsequent EDM and 
then electro discharge machining a workpiece 2 by means 
of the EDM tool manufactured in this way. Here, the 
manufacture of the EDM tool is carried out by milling. 

In electro discharge machining, material is removed 
from the surface of the workpiece 2 under the action of 
a power density which arises when short electrical 
discharges take place between an EDM electrode 6 and 
the workpiece 2, see Figure 2. The workpiece 2 and the 
EDM tool are submerged in a dielectric liquid, and 
voltage is applied, material then being burned away 
from the workpiece. Here, the EDM tool forms a cathode, 
and the workpiece forms an anode. Furthermore, the EDM 
electrode has the shape of a negative replica of the 
intended shape of the cutout. 

Fig. 1 shows a plurality of basic elements 3 arranged 
in an at least essentially circular path on a top side 
of a holder element which comprises a disk 4. The basic 
25 elements 3 are secured on the disk 4 by screw joints 
18. Each of the basic elements 3 has three upwardly 
projecting portions 5 which are intended to form EDM 
electrodes 6, see Figure 2. The disk 4 is arranged in a 
milling machine 7 known per se, and each of the 
30 projecting portions 5 is intended to be machined using 
a milling tool 8. The upwardly projecting portions 5 
are arranged at a sufficiently great spacing from one 
another for it to be possible to reach with the milling 
tool 8 for the purpose of giving the projecting 
35 portions 5 the desired shape. 

In a first operation of the method, the EDM electrodes 
6 are machined from the basic elements 3 by milling, 
with a mutual spacing along a circular path. The holder 
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element comprising the disk 4 and a first machine 
attachment part 9 located under the disk and connected 
rigidly thereto form an EDM means intended for an EDM 
operation following the milling operation. The first 
5 machine attachment part 9 is designed so as to. be 
capable of being used both in a milling machine and in 
an EDM machine. The first machine attachment part 9 is 
designed so as to fit together with a second machine 
attachment part 17 of the milling machine. To this end, 

10 the first and second machine attachment parts 9, 17 are 
designed with male and female parts for engagement with 
one another. The first machine attachment part 9 has 
three recesses 16 arranged with even spacing in the 
circumferential direction of the disk 4. The recesses 

15 16 are open in a direction opposite to that side of the 
disk 4 on which the basic pieces 3 are arranged. The 
second machine attachment part 17 has three projecting 
portions 19 for fitting into the recesses 16. In this 
way, highly accurate centering of the disk 4 is brought 

20 about. The projecting portions 19 have the shape of a 
truncated cone . The EDM means is referred to below 
using . reference number 4 . Figure 1 illustrates the 
basic elements 3 before milling has been started. 



25 In Figure 2, the EDM means 4 is arranged at the top in 
an EDM machine 10. In relation to Figure 1, the EDM 
means 4 has been turned through 180° so that the EDM 
electrodes 6 project downward. According to the 
embodiment illustrated in Figures 1 and 2, the EDM 

30 means 4 has seven basic elements 3 which each have 
three EDM electrodes 6. In total, there are 21 EDM 
electrodes. After a reciprocating movement of the EDM 
means during EDM, 21 cutouts 11 are therefore formed in 
a workpiece 2. Figure 2 illustrates that the cutouts 11 

35 do not extend through the entire thickness of the disk. 
The cutouts 11 are intended to form channels 12, see 
Figure 3. Two adjacent such channels 12 in turn delimit 
a blade 13. The cutouts 11 extend roughly halfway 
through the disk. 
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The EDM machine has a third machine attachment part 20, 
see Figure 2. The lower part 21 of this is designed for 
engagement with the recesses 16 and is preferably 
S identical with the second machine attachment part 17 of 
the milling machine 7 for the purpose of bringing about 
good centering of the EDM means 4. The third machine 
attachment part 20 therefore has three cone-shaped 
projecting portions 22 for engagement with the recesses 
10 16. 

In a first EDM stage, a portion (said 21 cutouts 11) of 
each of a plurality of channels 12 in a first set of 
channels is therefore machined out of the workpiece 2. 

15 The EDM means 4 is then rotated through a number of 
degrees and then, in a second EDM stage, 21 further 
cutouts are machined. The EDM operation continues with 
further rotation of the EDM means followed by further 
EDM stages until the spacing between two adjacent 

20 cutouts 11 in the circumferential direction of the 
workpiece 2 is essentially the same around the entire 
workpiece and corresponds to the desired blade 
thickness . 

25 As can be seen, from Figure 2, material is machined away 
from the workpiece 2 at a spacing from its edge 14 in 
the radial direction. A portion is therefore retained 
outside the channels 12. This portion is intended to 
form a cover 15 for the blades 13 formed subsequently. 

30 Figure 2 illustrates the workpiece when the EDM 
operation from a first flat side thereof has been 
performed. 

The EDM operation continues after the workpiece 2 has 
35 been turned, and electro discharge machining is then 
carried out in the same way from its second flat side. 
The cutouts from the second side of the workpiece are 
electro discharge machined out of the workpiece 2 so 
that they are connected to the cutouts 11 from the 
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first side, and in this way said channels 12 are 
formed. The channels 12 will thus extend through the 
workpiece in the axial direction at a spacing from its 
edge 14 in the radial direction. The blades 13 are 
5 defined between the channels 12 in the circumferential 
direction of the workpiece. 



Each of the EDM electrodes 6 has a shape which 
corresponds essentially to the shape of the desired 

10 channels 12. In order to bring about the desired domed 
shape of the blades 13, the EDM means 4 is made to 
perform both a reciprocating movement and a rotary 
movement in each EDM stage. To be precise, each EDM 
electrode 6 is guided into the workpiece 2 along a 

15 predetermined path. The EDM means 6 is made to perform 
an oscillating movement when the EDM electrodes have 
reached their final position in order to produce the 
desired structure on the channel walls. 

20 Two opposite surfaces of each of the channels in the 
circumferential direction of the disk are electro 
discharge machined simultaneously and, to be precise, 
by the same EDM electrode 6. In other words, the convex 
surface of one blade and the concave surface of an 

25 adjacent blade are electro discharge machined 
s imul taneously . 

The machine attachment 9 of the EDM means 4 is designed 
so that it is possible to use the EDM means 4 both 
30 clamped on, in a static position, in a milling machine 
for machining the EDM electrodes 6 and for rotation in 
a EDM machine for the purpose of machining the 
workpiece 2 . 

The invention is not to be regarded as being limited to 
35 the illustrative embodiments described above, but a 
number of further variants and modifications are 
conceivable within the scope of the following patent 
claims . 
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For example, methods other than milling are possible 

for manufacturing the EDM tool, for example grinding 
and wire EDM. 
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PATENT CLAIMS 

1. A method for manufacturing a disk- shaped or 
annular stator component or rotor component (1) with a 
plurality of blades (13) arranged one after another in 

5 a path extending around said component for guiding a 
gas flow, characterized in that at least a portion (11) 
of each of a plurality of channels (12) in a first set 
of channels is electro discharge machined 
simultaneously out of a disk- shaped or annular 
10 workpiece (2) intended for forming the component (1) , 
which channels (12) are intended to delimit said blades 
(13) in the circumferential direction of the workpiece. 

2. The method as claimed in claim 1, characterized in 
15 that, after electro discharge machining said portion 

(11) of the first set of channels (12) , the workpiece 
(2) is rotated through a distance in its 
circumferential direction, and then at least a portion 
of each of a plurality of channels (12) in a second set 
20 of channels is electro discharge machined. 

3. The method as claimed in claim 1 or 2, 
characterized in that the workpiece (2) is turned after 
all the channels have been electro discharge machined 

25 from a first side of the same, and in that the 
remaining portion of the channels (12) is then electro 
discharge machined in the same way from the second side 
of the workpiece. 

30 4. The method as claimed in any one of the preceding 
claims, characterized in that an electrode (6) intended 
for electro discharge machining is, in the course of 
its trajectory in the workpiece (2) , made to perform 
simultaneously on the one hand a translatory movement 

35 and on the other hand a rotary movement. 

5. The method as claimed in any one of the preceding 
claims, characterized in that two opposite surfaces of 
each of the channels (12) in the circumferential 
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direction of the workpiece (2) are electro discharge 
machined s imul t aneous ly . 

6. The method as claimed in claim 5, characterized in 
5 that the opposite surfaces of each of the channels (12) 
are electro discharge machined by the same EDM 
electrode (6) . 



7. The method as claimed in any one of the preceding 
10 claims, characterized in that said channels (12) are 

electro discharge machined at a spacing from the .edge 
(14) of the workpiece in the radial direction, so that 
a cover (15) is formed outside the blades in the radial 
direction and in contact therewith. 

15 

8. The method as claimed in any one of the preceding 
claims, characterized in that, in a first operation, a 
plurality of EDM electrodes (6) are machined, with a 
mutual spacing along a curved path, from at least one 

20 basic element (3, 5) arranged on a means (4) intended 
for the electro discharge machining, and in that, in a 
second operation, the channels (12) are electro 
discharge machined from the workpiece (2) by means of 
said EDM electrodes (6) . 

25 

9. The method as claimed in claim 8, characterized in 
that the attachment (7) of the EDM means (4) has such a 
shape that it can be used on the one hand in a machine 
tool for said manufacture of the EDM electrodes (6) and 

30 on the other hand in an EDM machine for said 
manufacture of the channels (12) by electro discharge 
machining. 



10. The method as claimed in claim 8 or 9, 
35 characterized in that a plurality of said basic 
elements (3, 5) are arranged on the EDM means (4) in a 
curved path before machining, and in that at least one 
of said EDM electrodes is machined from each of them in 
the first operation. 
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11. The method as claimed in any one of claims 8-10, 
characterized in that said machining in the first 
operation comprises milling - 

5 12. A device for manufacturing a disk- shaped or 
annular stator component or rotor component (1) with a 
plurality of blades (13) arranged one after another in 
a path extending around said component for guiding a 
gas flow, the device comprising an EDM means (4 ) 

10 adapted to be connected to a voltage and to be brought 
into contact with a workpiece (2) for removal of 
material from the latter for the purpose of forming one 
of said blades, characterized in that the EDM means (4) 
comprises a plurality of EDM electrodes (6) for said 

15 contact with the workpiece, which are arranged at a 
mutual spacing from one another in a curved path in 
such a way that at least a portion (11) of each of a 
plurality of channels (12) in a first set of channels 
can be electro discharge machined simultaneously out of 

20 the workpiece (2), which is disk-shaped or annular for 
forming the component (1) , which channels (12) are 
intended to delimit said blades (13) in the 
circumferential direction of the workpiece. 

25 13. The device as claimed in claim 12, characterized 
in that the EDM electrodes (6) are arranged one after 
another in a path which is at least partly circular. 

14. The device as claimed in claim 12 or 13, 
30 characterized in that the EDM means (4) comprises a 
disk and a plurality of basic elements (3) secured on 
the disk, and in that each of the basic elements 
comprises a plurality of said EDM electrodes (6) . 
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CLAIMS 
[Claim(s)] 

[Claim 1] As opposed to the electrode tool which can move in X which intersects perpendicularly mutually in 
the level surface in the container with which electrical discharge machining liquid was poured in, and the 
direction of the Z-axis which intersects perpendicularly with both above X and Y-axis by fixation in the direction 
of the Y-axis Set a predetermined interval, make a work counter, make the above-mentioned work into an 
anode, and voltage is impressed among two poles by making the above-mentioned electrode tool into the 
negative pole. The electrolysis finish method of the electrical discharge machining side characterized by 
changing the electrical discharge machining liquid in the above-mentioned container to an electrolysis solution, 
sending fixed electrolytic current between the above-mentioned electrode tool and the above-mentioned work, 
and carrying out polish finish of the electrical discharge machining side of the above-mentioned work by 
electrolysis after giving processing to the above-mentioned work according to electrode form by electric 
discharge. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrolysis finish method of the electrical discharge 
machining side for electrolysis removing the deterioration layer produced in a processing side at the time of 
electrical discharge machining, and carrying out polish finish. 
[0002] 

[Description of the Prior Art] As opposed to the processing side of the work which generally fixes the work 
which is the Metal Processing Division article in working fluid, such as illuminating kerosine poured into the 
container, and water, with electrical discharge machining equipment, and serves as an anode Although the 
electrode tool of the negative pole is made to counter so that it may have a minute gap, it discharges all over 
the gap concerned and the electrical discharge machining of the work is carried out, with electrical discharge 
machining, a hard and thick deterioration layer is made in the electrical discharge machining side of a work. 
Then, the method of establishing the finish polish process by electrolysis after electrical discharge machining, 
and carrying out electrolysis finish of the electrical discharge machining side of a work is "electricity processing 
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academic journal, for example. It is proposed by Vol.22, No, 43, and 28 Sakai and P. 18 - Masuzawa 
collaboration." This electrolysis finish method uses a work as an anode electrode, after processing a work by 
electrical discharge machining. Electrolysis finish of the electrical discharge machining side of a work is carried 
odt by preparing the negative pole electrode which counters a work, holding the electrical discharge machining 
side and negative pole electrode of a work to a state of rest so that it may have an equal gap, and impressing 
voltage to the gap concerned. 
[0003] 

[Problem to be solved by the invention] However, in the conventional example, electrical discharge machining 
and electrolysis finish are individually performed by separate equipment, therefore processing of a work is 
faced. In order to have to prepare electrical discharge machining equipment and electrolytic polishing 
equipment, respectively, equipment is enlarged, great plant-and-equipment investment is needed, and there is 
a problem that a production cost becomes high. Moreover, when carrying out electrolysis finish, it is necessary 
to carry out positioning installation of the electrode tool in the electrical discharge machining side of a work, the 
position gap with an electrode tool and an electrical discharge machining side arises at this time, and while 
reservation of sufficient positioning accuracy is difficult, there is a problem that workability falls remarkably. 
[0004] [ the place which this invention is made in view of the above problems, and is made into the purpose ] It 
is in offering the electrolysis finish method of an electrical discharge machining side that the small 
miniaturization of the equipment is carried out, a production cost can be reduced, positioning with the electrode 
tool at the time of electrolytic polishing and an electrical discharge machining side is enabled with high 
precision, and improvement in workability can be aimed at by performing electrical discharge machining and 
electrolytic polishing within the same equipment. The above of this invention, and the other purposes and the 
new feature will become clear from description and the accompanying drawing of this Description. 
[0005] 

[Means for solving problem] [ that the above-mentioned purpose should be attained / the electrolysis finish 
method of the electrical discharge machining side concerning this invention ] As opposed to the electrode tool 
which can move in X which intersects perpendicularly mutually in the level surface in the container with which 
electrical discharge machining liquid was poured in, and the direction of the Z-axis which intersects 
perpendicularly with both above X and Y-axis by fixation in the direction of the Y-axis Set a predetermined 
interval, make a work counter, make the above-mentioned work into an anode, and voltage is impressed 
among two poles by making the above-mentioned electrode tool into the negative pole. After giving processing 
to the above-mentioned work according to electrode form by electric discharge, the electrical discharge 
machining liquid in the above-mentioned container is changed to an electrolysis solution, fixed electrolytic 
current is sent between the above-mentioned electrode tool and the above-mentioned work, and it is 
characterized by carrying out polish finish of the electrical discharge machining side of the above-mentioned 
work by electrolysis. 

[0006] Therefore, in this invention, the electrical discharge machining liquid in the container with which 
electrical discharge machining was performed is changed to an electrolysis solution. Since fixed electrolytic 
current is sent between an electrode tool and the electrical discharge machining side of a work movable only in 
the direction of the Z-axis and polish finish of the electrical discharge machining side of a work is carried out by 
electrolysis between, the electrical discharge machining and electrolytic polishing of a work are performed 
within one piece of equipment. Moreover, since the physical relationship of an electrode tool and the electrical 
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discharge machining side of a work is diverted to electrolytic polishing as it is, positioning with an electrode tool 
and the electrical discharge machining side of a work becomes simple and certain, sufficient positioning 
accuracy of an electrode tool and an electrical discharge machining side is secured, and workability improves. 
[0007] 

[Mode for carrying out the invention] The form of 1 operation of this invention is hereafter explained in detail 
based on drawing 1 and drawing 2 . In explaining the form of operation, what does the same function so 
attaches and explains the same mark. Drawing 1 shows the example of equipment used for the electrolysis 
finish method of an electrical discharge machining side, and in this equipment [ the opening of a container 1 ] 
[ the electrolysis solution storage tank 3 by which electrolysis solutions with which electrical discharge 
machining liquid, such as water and illuminating kerosine, was stored, such as the working fluid storage tank 2 
and sodium nitrate, were stored ] It is open for free passage individually through a pump 4 and 5, and [ the 
bottom of a container 1 ] It is collected by the working fluid storage tank 2 and the electrolysis solution storage 
tank 3, while the working fluid storage tank 2 and the electrolysis solution storage tank 3 are individually 
opened for free passage respectively through a change-over valve 6a and 6b and electrical discharge 
machining liquid and an electrolysis solution are supplied to a container 1. 

[0008] Moreover, in the container 1, the work 7 which is the Metal Processing Division article is fixed, and the 
electrode tool 8 sends above this work 7, and it is installed by the mechanism 9 possible [ movement 
(movement in the direction of the Z-axis is possible in X and the direction of the Y-axis at fixation) only in the 
up-and-down direction ]. A work 7 is connected to the anode of the direct-current power supply 10, the 
electrode tool 8 is connected to the negative pole of the direct-current power supply 10 through the variable 
resister 1 1 , and the capacitor 12 is connected between the work 7 and the electrode tool 8. In addition, 
although illustration has not been carried out, a respectively separate power supply shall be used for electrical 
discharge machining and electrolytic polishing. 

[0009] [ the electrolysis finish method of the electrical discharge machining side of the form this operation ] 
After pouring in the electrical discharge machining liquid in the working fluid storage tank 2 with a pump 4, the 
electrode tool 8 is made for a predetermined interval to set and counter to the part of a work 7 to be processed 
in the container 1 which fixed the work 7, where a change-over valve 6a and the channel of 6b are first closed 
using the equipment shown in drawing 1 . Next, a work 7 is made into an anode, voltage is impressed among 
two poles by making the electrode tool 8 into the negative pole, and the electrical discharge machining side 7a 
according to the form of the electrode tool 8 is formed by melting and making it evaporate in the part of a work 
7 to be processed of electric discharge, repeating the electrode tool 8 up and down, and moving it. In this case, 
the electrode tool 8 is divided into several steps, it exchanges for the thing of form suitably, and the request- 
shaped electrical discharge machining side 7a is acquired by carrying out electrical discharge machining. 
[0010] Then, the electrode tool 8 is pulled up, in the state where it detached from the electrical discharge 
machining side 7a, the channel of a change-over valve 6a is opened, and the electrical discharge machining 
liquid in a container 1 is collected on the working fluid storage tank 2. And where the channel of a change-over 
valve 6a is closed, the electrolysis solution in the electrolysis solution storage tank 3 is poured in into a 
container 1 with a pump 5. 

[0011] Next, if descend the electrode tool 8 finally used in electrical discharge machining, and set the same 
minute gap as the time of electrical discharge machining, the electrical discharge machining side 7a is made to 
counter and voltage is impressed among the two poles of the electrode tool 8 and a work 7 The fixed current 
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inversely proportional to resistance between two poles flows, the deterioration layer produced in the electrical 
discharge machining side 7a is eluted in an electrolysis solution by electrolysis, and the electrical discharge 
machining side 7a is finished and ground. 

[0t)12] By the way, [ drawing 2 ] although drawing 2 is the characteristic figure showing the change of the inter- 
electrode last current value to the floor to floor time according to current on-off time at the time of adopting the 
pulse electrolysis which makes the electrical discharge machining side 7a eluted in the above-mentioned 
electrolysis finish method, giving a pulse wave The thing which has long current ONTAIMU is understood that 
a current value falls in connection with floor to floor time. This is because the anode solution layer which the 
metal ion eluted for which and diffused in the electrolysis solution near the electrical discharge machining side 
7a existed in high concentration, a lot of gas on the surface of the electrode tool 8 produced by electrolysis 
adhered and these anodes solution layer and gas have barred the electric flow, if current ONTAIMU becomes 
long. 

[0013] [ then, the thing which the electrode tool 8 is moved up and down and performed by repeating 
approach / estrangement operation to the electrical discharge machining side 7a with the form of this 
operation ] While receiving the mobility of the electrolysis solution between the electrical discharge machining 
side 7a and the electrode tool 8 and making it make an anode solution layer flow outside from between two 
poles, he is made to perform gas omission and is trying to attain stabilization of electrolysis elution by pulling 
up the electrode tool 8. However, other means can also raise the mobility of an electrolysis solution. 
[0014] In this way, if electrolytic polishing is completed, it will wash and the electrolysis solution and residue 
adhering to a work 7 will be removed. And if there is necessity, comparatively, by low-temperature heat 
treatment, unstable ** can be deposited and hardness and intensity can also be raised. 
[0015] In the above-mentioned electrolytic polishing, [ the gap of a work 7 and the electrode tool 8 ] It is 
decided mainly by the conditions of electrical discharge machining, namely, in order to return the electrode tool 
8 to the same position as the time of electrical discharge machining and to carry out electrolytic polishing, it is 
decided by the gap between the electrode tool 8 and the electrical discharge machining side 7a in the last 
electrical discharge machining, and it is usually set to 0.2-0.3mm. In addition, it is necessary to adjust 
appropriately the voltage impressed for electrolytic polishing according to the size of the gap of a work 7 and 
the electrode tool 8, since it is set to about 0.1mm according to electrical discharge machining conditions 
depending on the case. As a work 7, especially if electrolytic polishing is possible for metal, an alloy, etc. of Fe 
system, aluminum system, Cu system, nickel system, and a Ti system, it is not limited. 
[0016] thus, [ the electrolysis finish method of the electrical discharge machining side of the form this 
operation ] Since electrical discharge machining and electrolytic polishing can be performed within the same 
container 1 only by performing liquid exchange, equipment is miniaturized, cost reduction is achieved, 
moreover the positioning accuracy of the electrode tool 8 at the time of electrolytic polishing and the electrical 
discharge machining side 7a is secured, and workability can be improved. 

[0017] As mentioned above, although the electrolysis finish method of the electrical discharge machining side 
of the form operation of this invention was explained in full detail This invention is not limited to the electrolysis 
finish method of the electrical discharge machining side the above-mentioned implementation given in a form, 
is the range which does not deviate from the soul of invention indicated to the Claims of this invention, and can 
perform various change in a design. 
[0018] 
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[[Effect of the Invention] [ according to the electrolysis finish method of the electrical discharge machining side 
lof this invention ] within the container with which electrical discharge machining was performed so that I may 
|be* understood from the above explanation Where it changed electrical discharge machining liquid to the 
^electrolysis solution and the physical relationship of an electrode tool and the electrical discharge machining 
Iside of a work is held Since electrolytic polishing of the electrical discharge machining side is carried out and 
the electrical discharge machining and electrolytic polishing of a work are performed within the same 
equipment While being able to carry out the small miniaturization of the equipment, being able to attain 
reduction-ization of a production cost and being able to perform positioning with the electrode tool at the time 
of electrolytic polishing, and an electrical discharge machining side simple and with high precision A 
deterioration layer and a crack can be removed easily and uniformly uniformly, and workability can be 
improved. 



[Translation done.] 
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